INTRODUCTION
The Madden-Julian oscillation (MJO), or the tropical intraseasonal oscillation, has attracted much attention, ever since its discovery in the early seventies (Madden and Julian 1971 , 1972 (Salby et al. 1994 , Sperber et al. 1997 , especially after researchers encountered difficulties with another important interpretation--the surface wind induced surface heat exchange (WISHE) mechanism (Emanuel 1987 , Neelin et al. 1987 . WISHE requires that the surface heat fluxes to be larger to the east of the convective region (so as to induce the convection region to move eastward) than to the west. Recent observational studies have shown that this is not the case (e.g., Chen et al. 1996, Lin and Johnson 1996) . The FWC interpretation stresses the critical role of surface friction in avoiding the most preferred growth of short waves. (1983) .
The boundary layer and turbulence parameterization, a level 2.5 second-order closure model, is that of Helfand and Labraga (1988) . Long wave radiation package is that of Chou and Suarez (1994).
Short wave radiation package is that of Chou (1992) and Chou and Lee (1996) .
The (1996) is used. Land surface process parameterization is that of Koster and Suarez (1996) . Sea surface temperature is specified at observed values.
3.
PRELIMINARY RESULTS AND DISCUSSIONS Both integrations (with and without surface friction) started on January 1, 1987 and ran for four years.
The preliminary results are summerized as follows:
Zonal mean fields
In the four-year average of both the December-January-February (DJF) and the June-JulyAugust (JJA) zonal mean wind fields the low and high level easterlies in the tropics remain in the w/o surface friction case.
The results show a stronger easterly near the surface, and stronger westerly in the tropical upper troposphere in the without surface friction case.
The most conspicuous difference is in the middle and high latitude-in the southern hemisphere.
The lack of surface friction results in large zonal wind there year around (as high as 85 m/s at 500mb and 60S).
The vertical wind shear is not enhanced.
In the northern hemisphere middle and high latitude the lack of surface friction has not produced the similar large zonal wind. Presumably mountain torque, which is more dominant in the northern hemisphere, keeps the zonal wind from sharp increase.
The location of the westerly maximum is moved to higher latitude in the without surface friction case.
The The variance of the field in the 20-80 day band is concentrated in the Indian Ocean and western Pacific in both integrations. It shows that the model exhibits eastward propagation of the circulation field in the intraseasonal time scale. The signal is clearer in the second half of the year in Indian Ocean and western Pacific.
The model results do not show good seasonal dependence of the intraseasonal signal. Fig. lb shows the same plot for the without surface friction case.
It demonstrates that without surface friction intraseasonal oscillation signal can still exist with equal intensity.
Power spectral analysis Fig. 2a shows the wave-frequency spectral of the 200 mb velocity potential at 2°N.
A clear peak at wave number 1 and eastward at 30 day period exists for the case with surface friction. In addition a weaker peak exists at wave number 1 and 50 day period. Fig.  2b shows the same plot for the without surface friction case. A peak at eastward wave number 1 is found at 23 day period and a weaker peak at 37 day period.
Composites
The composites are done along the eastward moving precipitation centers in Indian Ocean and western Pacific as revealed in the bandpass filtered precipitation field. Figs. 3a and b show the latitudelongitude composite of divergence.
The shaded region is the center of precipitation.
The precipitation pattern shows protrusions in WNW and WSW directions in the case with surface friction, as observed, but not in the case without surface friction.
In the case of with surface friction the divergence in the lower troposphere is somewhat smaller than the case of without surface friction.
Also note that the maximum 1000mb convergence is to the east of the precipitation center in the case with surface friction (as discussed in Salby et al.) and slightly to the west in the case without surface friction.
In summary, our preliminary results show that surface friction is not necessary for the existence of the MJO, but it plays an important modifying role.
This calls for a reassessment of the FWC interpretation of the MJO. MJO is a phenomenon involving the scale interaction of many scales, from wave number 1 down to the cloud scale. Therefore linear analysis, which considers one wave component at a time (even when conditional heating is used), is not a suitable approach.
The particular difficulty of studying one wave component is that the effect of all other wave components on this particular wave component is not known to the degree that it can be easily expressed mathematically.
The concept of FWC has been built on the linear analysis and thus should be revised to include nonline:lr effects.
One wayofmaking this revision is the wave-packet view suggested by Chao and Lin (1994) and Chao and Deng (1998) . The emphasis that FWC places on the surface tYiction is found in this study to be not crucial, but surface friction does play an important modifying role.
Finally, our simulations are far from perfection.
The weak strength of the MJO in the model, lack of correct seasonal variation of the modeled MJO intensity, and the too high frequency are the principal deficiencies of the model. Continued effort in model improvement is patently necessary. -'°I_ %_':";i!:?ii_27, : 
